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This study utilized an experimental design testing low, medium, and high
intensity warm-up protocols for NCAA Division I 800-meter male and female middle
distance runners to determine which result in optimal outcomes in a peak performance,
i.e., 800-meter time trial. Mississippi State University student athletes on the Track and
Field Team who compete in middle distance running events participated. Among males,
results of the repeated measures ANOVA found no significant difference among the three
warm-up protocols for the first 400 meters completed. For females, repeated measures
ANOVA results found no significant difference among the protocols for the first 200
meters completed. However, at the completion of the 800-meter time trial, a statistically
significant difference (p < 0.05) was seen among both males and females; post hoc
analyses indicated that the high intensity warm-up group had a statistically significantly
lower (i.e., better) total time than the low intensity warm-up group.
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INTRODUCTION

An active warm-up creates physiological changes that are important in preparing
the body for the intense exertion to follow (Bishop, 2003). Some of these physiological
changes include increased heart rate and muscle temperature and changes in oxygen
kinetics and the energy system. Likewise, adequate recovery is equally important to
restore the body for subsequent exertion (Tomlin & Wenger, 2001). An adequate warmup can also help prevent injury (Woods, Bishop, & Jones, 2007). However, minimal
research has examined what types of warm-ups can work best for specific types of
athletes (Fradkin, Zazryn, & Smoliga, 2010). Thus, warm-up protocols utilized by
coaches and athletes are often based on “trial and error experience of the athlete or coach,
rather than on scientific study” (Bishop, 2003, p. 484).
One athletic arena where optimal warm-ups need to be identified is middle
distance running. Middle distance running events range from 800 to 3000 meters and
typically take 2 to 10 minutes to complete (Brandon, 1995). A recent study by Ingham,
Fudge, Pringle, and Jones (2013) comparing high and low intensity warm-ups among
800-meter runners concluded that while a high intensity warm-up can improve
performance, the physiological elements accounting for enhanced performance were not
clear.
1

Therefore, to determine optimal warm-up techniques, the specific physiological
changes that occur to account for performance must be identified (Endo, Usui, Fukuoka,
Miura, Rossiter, & Fukuba, 2004). As Bishop indicated (2003), “future studies need to
develop their warm-up protocols on a sound physiological rationale, rather than merely
replicating commonly used warm-up procedures” (p. 496). Research must be broader in
the overall scope of components being tested (e.g., assessing more than only one or two
physiological elements) as well as the techniques utilized (e.g., warm-up activities that
are clearly connected to the particular sport).
In another study, Fradkin et al. (2010) reported
As evidenced through studies evaluating multiple variations of similar
warm-up protocols, the wide variation in results may be attributable to the
specifics of the warm-up practices employed…This emphasizes the need for
continued research to determine which methods of warm-up are best for a given
sport or activity. (p. 146)
Therefore, the purpose of this study was to identify a warm-up protocol for
NCAA Division I 800-meter male and female middle distance runners that results in
optimal outcomes in a peak performance, i.e., 800-meter time trial.
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LITERATURE REVIEW

Warm-ups are critical in preparing athletes for intense exertion and optimum
performance and helping to prevent injury (Bishop, 2003; Woods et al., 2007). Adequate
recovery is just as important in restoring the body prior to subsequent exertion (Tomlin &
Wenger, 2001). Warm-ups essentially fall into one of two categories – passive or active.
Bishop (2003) explained:
Passive warm-up involves raising muscle temperature or core temperatures by
some external means (e.g., hot showers or baths, saunas, diathermy and heating
pads). Active warm-up involves exercise and is likely to induce greater metabolic
and cardiovascular changes than passive warm-up. (p. 484)
Active warm-up is more common than passive warm-up (Bishop, 2003). An
active warm-up typically involves light jogging, stretching, and/or event-specific exercise
that prepares the body for physical exercise or performance (Fradkin et al., 2010).
Components of active warm-ups
Stretching helps to enhance performance and reduce the risk of injury through
improving flexibility or range of motion (McMillian, Moore, Hatler, & Taylor,
2006). Two types of stretching that are traditionally included in warm-ups are described
as static or dynamic. Static stretches focus on moving a limb to the full extent of its
3

range of motion and then maintaining that position for 15-60 seconds (Young & Behm,
2002). Dynamic stretches consist of controlled movement through the full range of
motion for joints (Fletcher & Jones, 2004).
For years, static stretching was included as a standard element in warm-ups
(Young & Behm, 2002). However, when studies began to report impairments in
performance resulting from static stretches, dynamic stretching became preferred in
warm-ups (Behm & Chaouachi, 2011; Fletcher, 2010). Given these conflicting findings,
Behm and Chaouachi (2011) reviewed literature on the impact of static and dynamic
stretching on performance and concluded that:
it would seem logical to recommend that prolonged static stretching not be
performed prior to a high level or competitive athletic or training
performance[...]there is clarity that dynamic stretching does not impair
performance[...]the use of dynamic rather than static stretching for the warm-up
would tend to be a more judicious choice (p. 2638, 2646).
Light jogging is one of the most common activities done during a warm-up for
any athletic event. An event-specific warm-up includes activities that are similar to those
that will be performed during the actual event. For example, a baseball player may
practice swinging a bat before stepping up to the plate or a football punter may practice
kicking the football into a net on the sideline. Some research indicates that such eventspecific warm-ups enhance performance. Samson, Button, Chaouachi, and Behm (2012)
tested four warm-up conditions involving static and dynamic stretching and general and
event-specific warm-up activities on sprint performance. Results showed that including
an event-specific warm-up (i.e., high knee skipping, high knee running, and butt kick
4

running) improved performance whether static or dynamic stretching was incorporated.
The authors suggested that the results may be due to physiological factors, such as
increased muscle temperature and nerve conduction velocity. Additionally, for middle
distance runners, Skof and Strojnik (2007) found a warm-up that included slow running,
stretching, sprinting, and bounding increased muscle activation more than a warm-up
including slow running and stretching only.
However, minimal research describes what types of warm-ups may work best for
different athletic events in terms of enhancing performance (Fradkin et al., 2010). For
example, in studying a 200-meter time-trial performance among swimmers, Zochowski,
Johnson, and Sleivert (2007) found that decreasing the amount of time between warm-up
and race from 45 minutes to 10 minutes enhanced performance. Zois, Bishop, Ball, and
Aughey (2011) reported that team soccer performance tests were improved when a legpress and small-sided game warm-up were used rather than a traditional warm-up (e.g.,
high knees, squats, change of direction movements, sprinting). Burkett, Phillips, and
Ziuraitis (2005) determined that a weighted resistance warm-up was most beneficial for
performance in the vertical jump test. For rowing time trials, Mujika, Gonzalez de
Txabarri, Maldonado-Martin, and Pyne (2012) found that a less intense and shorter
duration warm-up was more beneficial to performance than the traditional 60-minute
warm-up (e.g., low-intensity rowing with short periods of intense exercise). While some
research has studied various warm-up protocols used in different sports, the results show
that the most beneficial protocol in each of these sports varies. Therefore, studies should
continue to examine the impact of diverse warm-ups on desired performance in different
athletic events. One area in need of further research is middle distance running events.
5

Physiological changes resulting from warm-ups
An active warm-up is likely to induce greater metabolic and cardiovascular
changes than a passive warm-up (Bishop, 2003). In a review of research on performance
after active warm-up, Bishop (2003) found that “different physiological responses to
warm up may be required to optimize performance for different tasks” (p. 492). Thus, to
understand what activities could comprise an optimal warm-up, research must
demonstrate the specific physiological changes that occur to prime the body for exertion
(Endo et al., 2004), such as changes in muscle temperature and function, heart rate,
oxygen kinetics, and energy systems.
Muscle temperature and function
A warm-up increases muscle temperature, which in turn, decreases stiffness of
muscles and joints (Bishop, 2003). Warming of the muscles improves contractile
characteristics as well as produces changes in biomechanical parameters. Additionally,
increased muscle temperature may also enhance central nervous system functioning and
the transmission speed of nerve impulses (Zochowski et al., 2007).
Active warm-up prepares the muscle function for activity to follow. Warm-ups
increase the power output, the velocity of contraction, and rate and amount of muscle
fibers firing during physical exertion (Stewart, Macaluso, & De Vito, 2003). As a result,
muscle temperature increases, and this increased temperature leads to a swelling of the
muscle tissue. This swelling is a key element of a warm-up regimen as it improves the
storage of oxygen and prepares the muscles for maximal power output needed for the
intense physical activity. According to Skof and Strojnik (2007), warm-up utilizing
dynamic explosive-strength exercises results in an athlete being better prepared for
6

optimal performance in competition due to the way it enhances the neuromuscular
system. However, in a review of changes in performance resulting from various active
warm-up protocols, Bishop (2003) noted active warm-ups that raise temperature can be
detrimental to immediate performance if the warm-up was too intense or led to fatigue.
Heart rate
Physical activity increases heart rate (Howard, Blyth, & Thornton, 1966). Heart
rate is commonly known as the number of heart beats per minute (bpm). A typical
resting heart rate in an untrained adult is 60-80 bpm and in a trained endurance runner is
24-48 bmp (Christensen & Schmidt, 2011). As an athlete increases the intensity of an
activity, heart rate will increase. Subsequently, the increase in heart rate increases both
blood flow and levels of oxygen being supplied to the muscles. Heart rate is an excellent
indicator of the intensity of physical activity, with resting heart rate serving as a measure
of training state or state of fatigue (Christensen & Schmidt, 2011).
Oxygen kinetics
Oxygen kinetics refers to the maximal oxygen capacity, capabilities of the
respiratory system to meet the oxygen demands of the body, myoglobin content of
muscle, and the ability to remove waste products from the muscles and blood through the
lungs. VO2 data, including maximal oxygen uptake (VO2 max), peak oxygen uptake
(VO2 peak), and lactate threshold (LT), are important parameters in evaluating training
programs and preparedness for exercise and competition. As Christensen and Schmidt
(2011) indicate, “VO2 max is considered by most exercise physiologists to be the single
most accurate measure of endurance fitness” (Chapter 6, p. 3). Specifically, VO2 data are
7

used to assess an athlete’s fitness, design tailored workouts, and monitor improvements
through training over time (Berg, 2003; Burnley, Doust, & Jones, 2002; Draper & Wood,
2005; Endo et al., 2004; Enoksen, Shalfawi, & Tonnessen, 2011; Fradkin et al., 2010;
Ingham et al., 2013; Tomlin & Wenger, 2001).
Burnley et al. (2002) compared oxygen kinetics effects in three different warmups with heavy exercise, sprint exercise, and passive warming. Results indicated that
prior to beginning heavy exercise, both 30 seconds of prior sprint exercise and 6 minutes
of prior heavy exercise increased the VO2 kinetics in a similar fashion even though blood
lactate was significantly higher following prior sprint exercise. Passive warming did not
impact VO2 kinetics (Burnley et al., 2002). As mentioned previously, Bishop’s (2003)
review indicated that performance can be impaired if a warm-up is too intense that it
leads to fatigue. Research has shown phosphocreatine (PCr) can be restored to 100%
within 3 to 5 minutes of intense physical activity (Tomlin & Wenger, 2001). Thus,
warm-ups involving intense physical activity for under 4 minutes must be designed with
recovery time so blood lactate is removed, heart rate is reduced, VO2 can rapidly decline,
and depleted PCr and glycogen are restored in muscles.
Energy systems
The human body consists of two primary energy systems, the aerobic and
anaerobic systems. The aerobic energy system is quite efficient in providing the needed
energy to sustain activity. A primary biological supplier of this energy is stored
carbohydrates and fat. In contrast, the anaerobic energy system utilizes glycogen and
refers to the ability of the human body to replenish it during exercise or exertion,
typically at or above VO2 max (Spencer & Gastin, 2001). A by-product of the anaerobic
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energy system is the accumulation of blood lactate (Burnley et al., 2002; Nurmekivi,
Karu, Pihl, Jurimae, & Lemberg, 2001). Through the burning of glycogen in the
anaerobic glycolosis process, the body can have an elevated level of lactate. The rate of
accumulation of residual acidosis is dependent on the velocity of exercise undertaken. If
the accumulation of lactate is at a slow rate, a trained athlete can maintain an effective
energy system for longer periods. Once accumulation of lactate reaches a certain level,
muscle fatigue occurs. The body is able to reduce blood lactate through recovery and
restore the muscle to acceptable levels where subsequent physical activity can continue.
Research has demonstrated little consensus in specifically how these energy
systems are utilized during an 800-meter run. For example, Hill (1999) described a
discussion among eight coaches and sports scientists indicating that an 800-meter run
ranged from under 35% anaerobic to 45% anaerobic to 65% anaerobic to primarily
anaerobic. Hill (1999) also reported that laboratory investigations have been conflicting
on the issue of energy systems in 800-meter events. Despite these differences, the 800meter race is still quite dependent on the anaerobic energy system. Thus, the anaerobic
energy system needs to be a key focus when training an athlete as well as when designing
a warm-up procedure for this event.
In summary, enhancement of muscle temperature and function, heart rate, oxygen
kinetics, and energy during warm-ups is crucial to preparing an athlete for intense
physical activity. The structure of the warm-up needs to be specific with regard to the
intensity and volume of the protocol (e.g., activities, duration, recovery period) for the
type of activity to follow. For an elite collegiate 800-meter runner, minimal studies
identify what could serve as an optimum warm-up. The athlete needs to have an active
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warm-up that properly prepares him or her for peak competition, yet one that does not
leave him or her fatigued. Muscle temperature and heart rate must be in appropriate
ranges. In addition, preparing the oxygen kinetics is an integral part of the warm-up. A
balance needs to be identified between VO2 and blood lactate (BL) that might accumulate
with a high intensity active warm-up. This balance should be long enough to remove the
lactate acidosis (approximately 3-5 minutes), but not so long that VO2 max is
compromised (approximately 15-20 minutes) (Tomlin & Wenger, 2001).
Limitations in existing research
While several studies have examined physiological responses to warm-up, fewer
studies have assessed changes in performance after warm-up (Fradkin et al., 2010).
Fradkin et al.’s (2010) meta-analysis of 32 studies examining the effects of warm-up on
performance in different athletic events found warm-ups improved performance in 79%
of studies, led to no change in 3% of studies, and negatively affected performance in 17%
of studies. However, the authors reported that when a study was found that showed
improved performance in an event, another contradictory study was identified.
One event where research on how warm-up affects performance is needed is 800meter middle distance running. While the Ingham et al. (2013) study is a good beginning
in examining this specific topic, one of the study’s main weaknesses was that testing was
done on a treadmill. While this indoor setting helps control for issues related to the
environment that may impact performance, testing on an outdoor track where these
events typically occur may lead to more realistic results. Additionally, Hill (1999)
argued that athletes do not perform their personal best times on a treadmill due to lower
10

motivation in laboratory testing than in competition and because they cannot make subtle
pace adjustments on a treadmill.
Even when studies do assess performance after warm-up, as Fradkin et al. (2010)
note, well-documented studies of the effect of sport-specific warm-up protocols on
performance are lacking. For example, some studies have used an actual warm-up
procedure as baseline rather than having a “no warm-up” control group or control
condition (Fradkin et al., 2010). However, Ingham et al.’s (2013) study of 800-meter
runners did not use a control condition group since the researchers felt it was
inappropriate to ask the athletes to complete an intense performance without prior warmup. Thus, a true control condition may work in studies for some events (e.g., baseball,
tennis, golf), but not others (e.g., sprinting, middle-distance running, cycling).
Additionally, many studies have only included a small number of participants, thus
increasing the likelihood that results were due to chance (Fradkin et al., 2010).
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METHOD

This study used an experimental design to test the effect of three different warmup protocols on 800-meter time trial results among NCAA Division I middle distance
runners. This study was approved by the MSU Human Research Protection Program
prior to initiation (see Appendix A). Participants and recruiting methods, design,
materials and measures, study procedures, and statistical analyses are described below.
Participants
Mississippi State University (MSU) student athletes on the Track and Field Team
who compete in middle distance (400-meter, 800-meter, and 1500-meter) running events
were recruited to participate in this study. The MSU Track and Field Team currently has
approximately 20 student athletes who compete in middle distance running events. Track
and Field student athletes who compete in other events (e.g., jumping and throwing
events) were excluded from participation. Fourteen individuals agreed to participate;
however, one dropped out during the course of the study due to illness. Seven males and
six females completed all aspects of the study.
To recruit participants, the Principal Investigator held a group meeting with
student athletes who met the inclusion criteria. At this meeting, the purpose of the study
and the procedures involved were explained, and initial questions were answered (see
12

Appendix B). Consent forms were given to those who were interested in participating to
read on their own. A second group meeting was held approximately one week later to
answer any additional questions and collected signed consent forms.
Design
To identify a warm-up protocol for NCAA Division I middle distance runners that
results in optimal results in a peak performance (i.e., 800-meter time trial), an
experimental design testing low, medium, and high intensity warm-up protocols was
utilized. Testing occured over a three-week period, with one testing day each week. All
of the warm-up protocols were utilized on each of the three testing dates. On the first
testing date, participants were randomly assigned into one of the three warm-up protocol
groups. On each subsequent testing date, the athletes were randomly assigned into a
different warm-up protocol group to ensure that each student athlete participated in all
three of the different warm-up protocols by the end of the three-week testing period.
Given the small sample size, random assignment was important to help control for threats
to internal validity, such as history, maturation, testing, statistical regression, and
selection (Thomas, Nelson, & Silverman, 2011).
Materials and measures
Measures used in this study included a diet and activity log (see Appendix C);
demographic survey (see Appendix D); Physical Activity Readiness Questionnaire (PARQ; (see Appendix E)); and time splits and total time during the 800-meter time trial.
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Diet and physical activity log
A log was used to document physical exertion and dietary behaviors during the 24
hours prior to the first testing date. Physical activity items were modified from the
National Health and Nutrition Examination Survey (NHANES; Centers for Disease
Control and Prevention, 2013a). NHANES is a nationally representative survey of
approximately 5,000 individuals conducted annually since 1999 that assesses the health
and nutritional status of children and adults in the U.S. (Centers for Disease Control and
Prevention, 2013b). Dietary behavior items were developed for this study.
Demographic survey
To understand demographic characteristics of the sample, a brief survey was used
to document participants’ biological and competitive ages, race/ethnicity, height, weight,
gender, and academic year/level (see Appendix D).
Physical activity readiness questionnaire (PAR-Q)
The PAR-Q was originally developed by the British Columbia Ministry of Health
and revised by an Expert Advisory Committee of the Canadian Society for Exercise
Physiology (2002). The questionnaire includes 7 items to be answered by individuals
planning to significantly increase their physical activity levels (see Appendix E). If an
individual responds positively to any question, it is recommended that he or she consult a
physician for clearance prior to engaging in physical activity. The PAR-Q’s safety and
effectiveness and its ability to identify possible contraindications to exercise have been
demonstrated over 30 years (Shephard, 1988, 1994 as cited in Warburton et al., 2011).
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800-meter time trials
During the 800-meter time trials, time splits were documented at each 100-meter
checkpoint using a standard stopwatch. Total time was also documented.
Procedures
As mentioned, this study occurred over a three-week period from November 24,
2014, to December 10, 2014 with one testing day each week (and make-up days for
participants that could not attend the scheduled third testing date due to final exams or
another conflict). Testing occurred in the MSU Track and Field Training Room and at
the MSU outdoor track. On the first testing day, participating student athletes met in the
Training Room. Each participant completed Diet and Physical Activity Log to document
his or her physical exertion and dietary behaviors during the previous 24 hours. To
reduce threats to internal validity, participants were asked to follow the same physical
activity and dietary behavior routine for the 24 hours prior to subsequent testing times.
Participants also completed a brief demographic survey at the first testing session to
document age, race/ethnicity, height, weight, gender, academic year/level, and
competitive age. They also completed the PAR-Q to determine if there were any
potential risks associated with physical activity. All physical documents (other than
consent forms) used ID numbers only (i.e., no names) to identify/track participants across
testing dates. Participants were reminded that participation was completely voluntary and
that they could end participation at any time without negative consequences.
Participants then moved outdoors to the MSU Track where the three warm-up
protocols were tested (see Table 1). The first warm-up protocol (low intensity) involved
a 10-minute jog followed by a series of dynamic stretching exercises for 8-10 minutes.
15

The dynamic stretching exercises included 4-way leg swings, back to wall – wall touches
(hip rotation), forward lunges, backward lunges, donkey kicks, glut bridges, cats to
camel, iron crosses, sitting leg raises, side lunges, karaoke’s, and side skips with
overhead arm swings. This series of stretches was followed by four 40- to 60-meter
bounding/striding runs, and ended with a 15-minute resting period prior to the 800-meter
time trial. During the 15-minute resting period, participants were allowed to walk at a
casual pace or sit down and were able to drink water and/or Gatorade as desired.
The second warm-up protocol (medium intensity) involved a 10-minute jog
followed by the same series series of dynamic stretching exercises for 8-10 minutes, and
a 40- to 60-meter bounding/striding run. This was followed by four acceleration sprints
ranging from 40- to 80-meters in length, a 2-minute rest, and then a 100-meter sprint at
race pace (the fourth of the four acceleration sprints). This warm-up protocol ended with
a 15-minute resting period (e.g., sitting, walking, drinking water and/or Gatorade) prior to
the 800-meter time trial.
The third warm-up protocol (high intensity) involved a 10-minute jog followed by
the same series of dynamic stretching exercises for 8-10 minutes. This was followed by a
40- to 60-meter bounding/striding run and then three sprints: one 100-meter, one 200meter, and one 300-meter run, each at race pace. Each of the three sprints was followed
by a 1- to 3-minute walking/jogging recovery. This third warm-up protocol ended with a
15-minute resting period (e.g., sitting, walking, drinking water and/or Gatorade) prior to
the 800-meter time trial.
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Table 1
Three warm-up protocols to be tested
Low
intensity

Medium
intensity

High
intensity

10-minute jog

x

x

x

Dynamic stretching exercises

x

x

x

4 x 40-60m bounding/striding runs

x

x

x

Activity

4 x 60m acceleration sprints at race
pace

x

2-minute walking/jogging recovery

x

100m sprint at race pace

x

100m, 200m, and 300m sprints at
race pace with 30-60 second
walking/jogging recovery in between
each

x
x

15-minute rest

x

x

x

As described previously, each participant completed one warm-up protocol on
each testing date. After finishing the warm-up protocol, an 800-meter time trial was
conducted. During the 800-meter time trial, timed splits were taken at each 100-meter
check point. Total time was also documented.
All individuals involved in data collection had valid Human Subjects Training.
To control for physical risks associated with this study (e.g., muscle pulls, strains,
sprains; fainting; breathing difficulties; bumps, scrapes, or bruises; or other risks that
could typically result from physical exertion), at least one MSU Track and Field athletic
trainer was present during all testing procedures.
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Statistical analyses
First, frequency distributions were calculated on demographic characteristics
(biological age (years), gender, race, ethnicity, and academic year/level). Second,
measures of central tendency and variability (means, standard deviations, and ranges)
were calculated on the following variables: biological age, height (meters), weight/body
mass (kilograms), Body Mass Index, and times at each 100-meter checkpoint in the time
trials. Third, a repeated measures ANOVA was used to determine if a significant
difference was evident in time trial results (dependent variable) among the three warm-up
protocols (independent variable). Tukey’s multiple comparison post hoc analyses were
applied to examine pairwise comparisons between the different warm-up protocols when
statistical significance, fixed at p < 0.05, was found.
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RESULTS

Table 2 (next page) displays frequency distributions for demographic
characteristics of participants. Seven males and six females completed all three warm-up
protocols. All participants identified their race as White and their ethnicity as nonHispanic/Latino. Ages of participants ranged from 18 to 23 years, with the majority
being age 20 or 21 years. Regarding grade level, 30.8% were freshmen, 7.7% were
sophomores, 38.5% were juniors, and 23.1% were seniors at MSU.

19

Table 2
Frequency distributions for demographic characteristics of study participants
Characteristic

N

%

Male

7

54%

Female

6

46%

Hispanic or Latino

0

0%

Not Hispanic or Latino

13

100%

American Indian or Alaska Native

0

0%

Asian

0

0%

Black or African American

0

0%

Native Hawaiian or Other Pacific Islander

0

0%

White

13

100%

18

3

23.1%

19

1

7.7%

20

4

30.8%

21

4

30.8%

22

0

0%

23

1

7.7%

Freshman

4

30.8%

Sophomore

1

7.7%

Junior

5

38.5%

Senior

3

23.1%

Graduate Student

0

0%

Gender

Ethnicity

Race

Age

Academic Year/Level
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Table 3 displays means and standard deviations for demographic and
anthropometric characteristics (biological age, height, weight/body mass, and Body Mass
Index) for male and female participants.
Table 3
Means and standard deviations for demographic and anthropometric characteristics of
study participants
Male (M ± SD)

Female (M ± SD)

Age (years)

20.0 ± 1.8

20.0 ± 1.1

Height (meters)

1.76 ± 0.05

1.66 ± 0.05

Weight/Body Mass (kilograms)

62.1 ± 3.8

57.7 ± 3.2

Body Mass Index

20.0 ± 0.8

20.9 ± 0.7

Characteristic

Among males, results of the repeated measures ANOVA found no significant
difference (p > 0.05) among low, medium, and high intensity warm-up protocols for the
first 400 meters completed (low = 62.19 ± 4.61 seconds; moderate = 60.59 ± 3.68
seconds; high = 59.13 ± 2.84 seconds) (see Figures 1-4). However, at the completion of
the 800-meter time trial, a statistically significant difference (p < 0.05) was seen among
the protocols (low = 128.98 ± 9.72 seconds; moderate = 125.53 ± 6.92 seconds; high =
122.89 ± 6.91 seconds) (see Figures 5-8). Tukey’s multiple comparison post hoc
analyses indicated that the high intensity warm-up group had a statistically significantly
lower (i.e., better) total time than the low intensity warm-up group.
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Figure 1.
Time in seconds at the 100-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
No significant (p>0.05) differences existed between warm-up protocols.

22

Figure 2.
Time in seconds at the 200-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
No significant (p>0.05) differences existed between warm-up protocols.
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Figure 3.
Time in seconds at the 300-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
No significant (p>0.05) differences existed between warm-up protocols.
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Figure 4.
Time in seconds at the 400-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
No significant (p>0.05) differences existed between warm-up protocols.
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Figure 5.
Time in seconds at the 500-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
* p<0.05 between warm-up protocols.
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Figure 6.
Time in seconds at the 600-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
* p<0.05 between warm-up protocols.
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Figure 7.
Time in seconds at the 700-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
* p<0.05 between warm-up protocols.
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Figure 8.
Time in seconds at the 800-meter checkpoint in the 800-meter time trial
for each warm-up protocol for males.
* p<0.05 between warm-up protocols.
For females, repeated measures ANOVA results found no significant difference
(p > 0.05) among low, medium, and high intensity warm-up protocols for the first 200
meters completed (see Figures 9-10). However, a statistically significant difference (p <
0.05) was first seen at the completion of 300 meters (see Figure 11). This difference
remained at the completion of 400 meters (low = 70.15 ± 3.56 seconds; moderate = 67.50
± 3.64 seconds; high = 67.19 ± 3.82 seconds) and 800 meters (low = 145.20 ± 8.33
seconds; moderate = 143.39 ± 7.99 seconds; high = 140.46 ± 8.83 seconds) (see Figures
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12-16). As with males, Tukey’s multiple comparison post hoc analyses indicated that the
high intensity warm-up group had a statistically significantly lower (i.e., better) total time
than the low intensity warm-up group.

Figure 9.
Time in seconds at the 100-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
No significant (p>0.05) differences existed between warm-up protocols.
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Figure 10.
Time in seconds at the 200-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
No significant (p>0.05) differences existed between warm-up protocols.
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Figure 11.
Time in seconds at the 300-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
* p<0.05 between warm-up protocols.
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Figure 12.
Time in seconds at the 400-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
* p<0.05 between warm-up protocols.
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Figure 13.
Time in seconds at the 500-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
* p<0.05 between warm-up protocols.
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Figure 14.
Time in seconds at the 600-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
* p<0.05 between warm-up protocols.
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Figure 15.
Time in seconds at the 700-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
* p<0.05 between warm-up protocols.
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Figure 16.
Time in seconds at the 800-meter checkpoint in the 800-meter time trial
for each warm-up protocol for females.
* p<0.05 between warm-up protocols.
The results confirmed that for both males and females – a well-designed high
intensity warm-up was more beneficial for optimal results in the 800-meter time trial than
a low or medium intensity warm-up.
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DISCUSSION

Limited research describes the types of warm-ups that may best prime individuals
for enhanced performance in different athletic events (Fradkin et al., 2010). Findings
from the present study suggest that high intensity warm-up may be more prudent for elite
level male and female athletes during 800-meter races. These findings support those
from a recent study by Ingham et al. (2013) that concluded a high intensity warm-up can
improve performance among 800-meter runners. While the Ingham et al. (2013) study
utilized treadmills to test performance, the present study adds to the literature through its
use of an outdoor track for time trials. Athletes do not compete on treadmills; they
compete on indoor or outdoor tracks. Hill (1999) suggested that athletes do not perform
their best on a treadmill due to lower motivation in the laboratory setting than in
competition and the inability to make subtle pace adjustments. Thus, conducting the
present study in an outdoor setting may have resulted in findings that are more applicable
to real-life settings.
Although physiological elements related to warm-up were not tested in the
present study, based on research by Skof and Strojnik (2007), one could possibly
conclude that the enhanced performance by athletes who completed the high intensity
warm-up was due to increased muscle activation resulting from the warm-up that
included slow running, stretching, sprinting, and bounding. The present study expanded
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Ingham et al.’s (2013) design through testing three warm-up protocols (low, medium, and
high intensity) rather than only two. This three-protocol, randomized design allowed for
additional distinctions in warm-up intensity levels to better discern the most effective
warm-up protocol for elite 800-meter runners in an NCAA Division 1 university.
Limitations
The present study has some limitations. First, only 13 student athletes
participated – 7 males and 6 females. While statistically significant differences on time
trial results were still found for the three warm-up protocols, a small sample size limits
generalizability. Second, time trials were performed outside on a track where weather
conditions (e.g., wind, air temperature, humidity) could have affected performance.
However, while temperatures varied across testing days, wind direction and speed and
humidity were relatively similar across testing days (Day 1: 59 degrees, west wind at
6mph, 61% humidity; Day 2: 73 degrees, south wind at 5mph, 66% humidity; Day 3: 59
degrees, south/southwest wind at 5mph, 58% humidity; Make-up Days: 45 degrees,
north/northeast wind at 5mph, 61% humidity; 43 degrees, north wind at 3mph, 65%
humidity; 61 degrees, north/northwest wind at 8mph, 41% humidity; and 45 degrees,
calm wind, 75% humidity). Third, this study did not assess how the different warm-up
protocols affected physiological elements that account for enhanced performance.
Future research
Related to the limitations just described, future research should include a larger
sample of student athletes. Additionally, future studies should assess how multiple
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physiological elements (e.g., muscle temperature only, blood lactate and heart rate, VO2
max only) impact performance as suggested by Endo et al. (2004).
Conclusions
Warm-ups are essential to prepare athletes for exertion and optimum performance
(Bishop, 2003). The findings of the present study suggest that high intensity warm-up
may be most prudent for elite level male and female athletes preceding racing distances
of 800 meters. Given the connection between warm-up protocols and performance, as
well as knowing that warm-up protocols are often based on “trial and error experience of
the athlete or coach” (Bishop, 2003, p. 484), training on the most effective event-specific
warm-up protocols could be provided to coaches through certification courses which
have been shown to be an effective way to communicate such information (Judge et al.,
2013). Identifying the best warm-up protocol (e.g., intensity and volume) to prime an
800-meter runner for peak performance can help prevent injury, enhance performance
and sense of achievement, and increase an athlete’s confidence in his or her personal
skills and abilities.
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APPENDIX A
IRB APPROVAL
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APPENDIX B
SCRIPT FOR RECRUITING PARTICIPANTS
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Thank you for taking the time to come to this meeting to learn more about my study on
warm-up protocols for 800-meter time trials for collegiate middle distance runners.
The purpose of my study is to identify an effective warm-up protocol to produce
maximum performance in an 800-meter time trial for NCAA Division I middle distance
runners.
I am inviting you to participate in my study because you are an MSU Track and Field
athlete who competes in middle distance running events. I anticipate that 10 to 25
athletes will ultimately participate. Keep in mind that participation is completely
voluntary.
If you participate in this study, you will be asked to complete a brief demographic survey,
activity logs, and three different warm-up protocols. Testing will occur over a threeweek period, with one testing day each week.
On the first testing day, you will be asked to complete a brief survey to report biological
and competitive ages, race/ethnicity, height, weight, gender, and academic year/level.
On the first testing day, you will be asked to report your daily routine related to physical
exertion and eating/diet during the 24 hours prior to each testing date. You will be asked
to follow the same daily routine for the 24 hours prior to the next two testing dates. I will
ask that you minimize your physical exertion during the 24 priors prior to each of the
three testing dates.
Three warm-up protocols will be tested. All of the warm-up protocols will be utilized on
each of the three testing dates. You will be randomly assigned into one of the three
warm-up protocol groups, ensuring that you have participated in all three of the warm-up
protocols by the end of the three-week testing period.
The first warm-up protocol will involve a 10-minute jog followed by a series of dynamic
stretching exercises for 8-10 minutes. These stretches will be followed by four 40- to 60meter bounding/striding runs and will end with a 15-minute resting period prior to an
800-meter time trial.
The second warm-up protocol will also involve a 10-minute jog followed by the same
series of dynamic stretching exercises for 8-10 minutes, and a 40- to 60-meter
bounding/striding run. This will be followed by four acceleration sprints ranging from
40- to 80-meters in length, a 2-minute rest, and then a 100-meter sprint at race pace (the
fourth of the four acceleration sprints). This warm-up will also end with a 15-minute
resting period.
The third warm-up protocol (high intensity) involved a 10-minute jog followed by
the same series of dynamic stretching exercises for 8-10 minutes. This will be followed
by a 40- to 60-meter bounding/striding run and then three sprints: one 100-meter, one
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200-meter, and one 300-meter run, each at race pace. Each of these sprints will be
followed by a 1- to 3-minute walking/jogging recovery and end with a 15-minute resting
period.
Potential risks associated with this study include muscle pulls, strains, sprains; fainting;
breathing difficulties; bumps, scrapes, or bruises; or other risks that could typically result
from physical exertion; and embarrassment if your activities and performance are not
achieved as you had anticipated.
To control for physical risks, at least one athletic trainer will be present during all testing
procedures that can intervene if needed. Remember that your participation is voluntary,
and you can end your participation in the study at any point without consequences.
Potential benefits from this study include identifying the type of warm-up intensity and
volume that would best prime an athlete for peak performance, helping reduce/prevent
injury, increasing confidence in your personal skills and abilities, and increasing your
sense of achievement.
No incentives will be provided for your participation.
I will keep your information confidential. The signed consent form will include your
name, but all other physical documents and electronic files will contain your assigned ID
number only.
Do you have any questions? [respond to questions]
[hand out consent forms]
Here is a copy of the consent form if you may be interested in participating in this study.
Please take the consent form with you and read through it carefully. We will meet again
(date / time / location) to answer any questions that come up after you have read through
the form. I will also collect signed consent forms at that time.
Thanks again for your time.
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APPENDIX C
DIET AND PHYSICAL ACTIVITY LOG
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Diet and Physical Activity Log
ID Number: ____________________
Please answer the following questions for activities in which you participated during the
previous 24 hours.
1. How much time did you spend walking or biking for at least 10 minutes continuously
to get to and from places?
______ hours ______ minutes
2. How much time did you spend doing moderate-intensity sports, fitness, or recreational
activities that cause a small increase in breathing or heart rate such as brisk walking,
bicycling, swimming, or golf for at least 10 minutes continuously?
______ hours ______ minutes
List the activities:
3. How much time did you spend doing vigorous-intensity sports, fitness, or recreational
activities that cause large increases in breathing or heart rate like running or basketball
for at least 10 minutes continuously?
______ hours ______ minutes
List the activities:
4. How much time did you spend playing active video games such as Wii Sports, Wii Fit,
Xbox 360, Xbox Kinect, Playstation 3, or Dance, Dance Revolution?
______ hours ______ minutes
5. How much time did you spend in paid or unpaid work, household chores, and yard
work that involved moderate-intensity activity that causes small increases in breathing
or heart rate such as brisk walking or carrying light loads for at least 10 minutes
continuously?
______ hours ______ minutes
List the activities:
52

6. How much time did you spend in paid or unpaid work, household chores, and yard
work that involved vigorous-intensity activity that causes large increases in breathing or
heart rate like carrying or lifting heavy loads, digging or construction work for at least 10
minutes continuously?
______ hours ______ minutes
List the activities:
Please answer the following questions about your dietary behaviors during the previous
24 hours.
7. What and how much did you eat and drink for breakfast (e.g., 3 eggs, 2 pieces of toast,
4 strips of bacon, 8 ounces of orange juice, 8 ounces of milk)?

8. What and how much did you eat and drink for a morning snack?

9. What and how much did you eat and drink for lunch?

10. What and how much did you eat and drink for an afternoon snack?

11. What and how much did you eat and drink for supper?

12. What and how much did you eat and drink for an evening snack?

13. Please list any other items you ate or drank that are not listed above (what and how
much):

*Physical activity items modified from the National Health and Nutrition Examination
Survey (NHANES)
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APPENDIX D
DEMOGRAPHIC SURVEY
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Demographic Survey
ID Number: ________________________

1. What is your biological age? _______________
2. What is your competitive age? _______________
3. What is your gender?
______ Male
______ Female
4. What is your ethnicity?
______ Hispanic or Latino
______ Not Hispanic or Latino
5. How do you describe yourself? Select one or more.
______ American Indian or Alaska Native
______ Asian
______ Black or African American
______ Native Hawaiian or Other Pacific Islander
______ White
6. What is your height? ______ feet

_______ inches

7. What is your weight? _______ pounds
8. What is your academic year/level?
______ Freshman
______ Sophomore
______ Junior
______ Senior
______ Graduate Student
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APPENDIX E
PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-Q)
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